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1.0 IN T RODU C TION 

It has  long been proposed b y  many leaders  of the U. S .  Scientific 

and Engineering Community that the next logical steps in the national space 

effort af ter  manned Lunar exploration should be extensive unmanned planetary 

exploration followed by manned exploration. 

ment space planning agencies supported by the industrial  technical community 

commenced investigation of launch vehicle requirements for planetary missions.  

Results of ear ly  investigations showed that velocity requirements would range 

f r o m  36, 000 feet  p e r  second upward with a la rge  number of missions falling in  

the 40 ,000  t o  60,000 feet  p e r  second velocity range a s  shown on Figure 1-1. The 

lower curve of Figure 1-1 roughly i l lustrates launch velocity t o  reach the various 

planets with minimum energy expenditure. 

shown. 

planets a r e  shown. 

and Venus, opens the launch windows and reduces t r ip  t ime. 

returning f r o m  planetary missions and reentering the Ear th ' s  atmosphere at 

these velocities will require  extensive supporting research  data obtained f r o m  

flight and ground testing. 

In the ear ly  1960's various govern- 

Corresponding t rave l  t imes  a r e  a l so  

In addition, velocities required to  reduce mission t ime  to  the outer 

Increasing velocities for missions to  the near  planets,  Mars  

Design of spacecraft  

In ear ly  1965 LTV recognized the need for  a study to  investigate 

increasing the velocity of the available national launch vehicles for  conducting 

a broad spec t rum of re -en t ry  research  tes t  missions.  

NASA/LRC i n  June 1965 subsequently resulted i n  a contract award to  LTV in  

Apr i l  1966. 

A proposal submitted to  

The Contract (NAS 1-6049) is being administered by Mr. Herbert  

J. Pel ton,  NASA/ LRC Contracts Administrator and technically directed by 

Mr. John E. Canady, J r . ,  NASA/LRC, Technical Representative. 



The work is being performed at the LTV Astronautics Division plant 

I in Dallas,  Texas. Mr. Robert G. Edwards is  the LTV Pro jec t  Manager and 

M r .  Richard S .  Huang is the LTV Project Engineer responsible for  execution 

of the contract. I 
I 
I 

The specific purpose of this study is to  examine the problem of 

providing launch vehicle capability to  conduct Earth entry r e sea rch  a t  40 ,000  to 

60, 000 f t / s e c  velocity utilizing existing flight hardware and facilities to the 

maximum extent possible as indicated on Figure 1-2. 

a r e  objectively to  point the way to  a l'family'' of research  launch vehicles which, 

at minimum cost,  

research i n  the 1970-1980 t ime period. 

The resul ts  of the study I 
could be provided to meet the needs for high speed re -en t ry  



2. I DEFINITION OF TERMS 

I 

Since the various t e rms  defining components of launch vehicle systems a r e  

not f i rmly standardized throughout the aerospace industry, the terminology used 

in this study has  been defined to  a s su re  consistency and clarity. Figure 2-1 

pictorially presents  the t e rms  which have.been used t o  designate the major  

components of launch vehicle systems in the study. 

Space Vehicle - The complete assembled vehicle consisting of the 

research  launch vehicle and spa(;ecraft. 

Research Launch Vehicle - The total  launch vehicle including the 

booster, velocity package, and the shroud. 

Booster - The national launch vehicle in  total o r  in  parts.  That 

portion of the research  launch vehicle used to  inject the velocity 

- 

package t o  the desired conditions along the flight trajectory.  

Shroud - The aerodynamic fairing used during ascent flight through 

the atmosphere to cover the spacecraft and a l l  o r  pa r t  of the velocity 

pac kag e. 

Velocity Package - The portion of the research  launch vehicle mounted 

on top of the booster excluding the shroud. The velocity package is used 

during the descent powered phase of flight to provide the desired re-entry 

conditions to  the spacecraft. 

Spacecraft - The re-entry spacecraft and the necessary  s t ructure  for 

adapting the spacecraft  t o  the las t  stage of the velocity package. Spacer 

craft  weight includes the spacecraft separation system. 

Additional t e r m s  having specific definitions for  this study a r e  depicted on Figure 2-2 

Range at Re-entry - The great  c i rc le  distance f r o m  the launch point t o  

the 400,000 f t .  altitude entry tes t  point. 

I 



P r o g r a m  - A project requiring the procurement and launching of two to  

three research  launch vehicles to accomplish project  mission objectives. 

Performance Effectiveness - The actual re-entry velocity obtained a t  

400,000 f t .  altitude divided by the r e sea rch  launch vehicle total  vacuum 

- 

ideal velocity expressed in  percent. 

Mission Analysis - Those studies conducted to  analyze all facets of a 

mission including al l  flight and supporting hardware,  performance, 

accuracy,  operations, integration, and range requirements including 

cost and schedule for  the mission. 

2 . 2  STUDYSCOPE 

The period of performance of this study contract  is 15 months inclusive 

of submission of the final report. The total contract involves the expenditures of 

approximately 13,000 man-hours,  30 IBM computer hours ,  and 23 t r ips  for  

gathering data and reporting progress .  

The work i s  subdivided into three major  Tasks ,  each of approximately 4 

months duration. 

resul ts  of these Tasks.  

the three  major  Tasks.  

2. 2. 1 Task  1,  which has  been completed, consisted of the candidate Research Launch 

Vehicle selection. A summary of the work i tems  performed under this Task is shown 

on Figure 2-3 .  

vehicle capability utilizing existing flight hardware to the maldmurn extent possible” 

it w a s  necessary  to  conduct a thorough survey of launch vehicles, along with liquid 

and solid propellant motors  that currently exist and a r e  under funded development. 

P r i o r  t o  execution of the Contract, L T V  and NASA agreed upon the Boosters f rom 

the National Launch Vehicle Inventory which were to  be included in  the study. 

contacts with various government user  agencies,  private industrial  sources ,  and 

with the ass i s tance  of NASA/LRC Booster performance input data were acquired. 

The final th ree  months of the study will be used to  document the 

An ora l  presentation is required upon completion of each of 

This is the f i rs t  of the three presentations to  be given. 

In order  to  accomplish the study purpose of “establishing launch 

Through 
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In addition, propulsion and weights data were acquired for  approximately fifty 

e-sisting solid propellant motors ,  several  solid propellant motors  under develop- 

ment, and severa l  existing liquid and solid Velocity Packages.  Using LTV's best  

assessment  of the projected improvement of solid propellant character is t ics  for  

the 1970 t ime period theoretical  possible performance improvements were computed 

f o r  s eve ra l  existing motors.  

integration of Velocity Packages and solid motor interstaging paramet r ic  Velocity 

Package weight data were computed for  performance analyses. 

and control concepts were evaluated during this task including use of Booster upper 

stage attitude control systems to  position the Velocity Package p r io r  t o  Velocity 

Package ignition. A staging analysis was performed to  establish the optimum 

Velocity Package motor s izes  for  one, two, and three stage Velocity Packages 

for  each of the Boosters under consideration. 

inventory were  matched as closely a s  possible to  the idealized motor requirements.  

Per formance  analyses were  then conducted using the actual selected motor per form-  

ance character is t ics .  

non-optimum motors  on the various Boosters to  insure  that the resul ts  of the staging 

analyses were  valid. The optimum range  for  each configuration was determined for  

a - 1 5 O  entry angle mission by optimum utilization of the Booster liquid upper stages 

(i. e. , Agena D, Centaur, Transtage,  etc. ) Performance of severa l  Booster-existing 

Velocity Package combimtions was computed and results compared to  the optimum 

Booster-Velocity Package combinations. 

between existing Solid Propellant 

motors .  

was made based on comparative performance, reliability, Velocity Package motor 

development s ta tus  and minimizing the number of Velocity Packages to  be developed. 

2.2.2 Task II will  consist  of detailed performance and cost evaluation of the 

Resea rch  Launch Vehicles selected f rom Task  I, as shown on Figure 2-4. 

Based on LTV's past  experience in design and sys t em 

Pre l iminary  guidance 

Existing motors  f r o m  the accumulated 

Generally performance w a s  a l so  computed for  other actual 

Performance comparisons were  a l so  made 

motors and the theoretical  1970 state-of-the-art  

Finally selection of the most promising candidate Research Launch Vehicles 



Prel iminary design and systems selection wi l l  be performed along with develop- 

ment of t ra jector ies  and design data. 

analyses will be conducted on each candidate Research Launch Vehicle. Cost data 

will be acquired fo r  all Boosters and Velccity Packages and used t o  per form cost- 

performance tradeoffs. 

Research Launch Vehicles for  mission analysis in  Task III. 

2. 2. 3 

for  up to three specific missions utilizing Research Launch Vehicles selected 

f rom Tasks  I and II. This will include providing detailed design data f o r  each 

F-esearch Launch Vehicle, detailed performance data, and development plans. 

2. 3 PERFORMANCE OBJECTIVES 

Performance effectiveness and e r r o r  

The results of this task will be selection of least  cost 

Task  I11 outlined on Figure 2-5 w i l l  involve performing mission analysis 

The performance objectives fo r  this study are listed on Figure 2-6. 

Re-entry velocities f r o m  40,000 f t /sec to 60,000 f t /sec are  being investigated 

f o r  spacecraft  weights ranging f r o m  50 to 1000 pounds. 

path angle, angle-of-attack, and range a r e  referenced to 400 ,000 foot altitude. 

Burnout of the last stage motor of the velocity package is to  occur 10 seconds pr ior  

to  400, 000 foot altitude. 

a r e  to  be investigated during Task 11. 

z e r o  angle-of-attack at the reference re-entry altitude throughout the study, 

2.4 BOOSTER AND RANGE CONSTRAINTS 

Re-entry velocity, flight 

Re-entry flight path angles f rom - 7  degrees to  -25 degrees 

Al l  performance data a r e  to  be based on 

During Task I the development of paramet r ic  performance data required 

investigation of a wide range of variables with minimum regard t o  vehicle o r  

t ra jectory constraints; however, detailed consideration will be given to  booster 

heat load, allowable dynamic p res  sure ,  g ross  weight capability, and allowable 

bending moments during Task U. 

Figure 2 -7  will be used in  the performance analysis of Task 11. 

The launch sites and targeting areas shown on 
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3 .  0 SUMMARY O F  TASK I RESULTS 

The significant resul ts  f r o m  each of the major  work i tems  performed 

during execution of Task I a r e  summarized i n  this section. A detailed descr ip-  

tion of the analyses performed to  a r r ive  at these resul ts  is presented in Section 

5.0. 

12 Boosters f r o m  the National Launch Vehicle Inventory, as shown on 

Figure 3 - 1 ,  along with 4 modified versions of these launch vehicles were used in 

the study. Utilizing the latest  available information f r o m  Booster manufacturers ,  

u se r  agencies,  and NASA Headquarters a data package was assembled for  each 

of these 16 Boosters.  

These packages along with dimensioned sketches of each booster wi l l  be included 

as an  appendix in the technical report  t o  be provided to  NASA a t  contract  completion. 

These packages contain the i tems l isted on Figure 3-2 .  

Propulsion data was acquired for the motors l isted on Figure 3 - 3  along 

with a brief description of the past  and current  applications, status,  and vendor 

name. 

and a l l  meet  the study requirement of specific impulse g rea t e r  than 250 seconds 

and propellant mass fraction in  excess of 0. 80. A motor l is t  containing the data 

shown on Figure 3-4 has been pro-vided to  NASA per  Ref. 1. 

"Confidential" due to the classified nature of some of the data. 

These motors  range in  s ize  f rom 150 pounds to  50,000 pounds loaded weight 

This listing is 

In  addition t o  the solid propellant motors  considered in  the study several  

liquid propellant motor  and solid motor Ilexisting" Velocity Packages were a l so  

considered. 

Velocity Packages were  used f o r  performance analyses. 

Velocity Packages considered is shown on Figure 3-5. 

these "existing" Velocity Packages were defined in sufficient detail  t o  permit  

per formance  evaluation. 

Instead of paramet r ic  weights the actual weights of the existing 

The list of IIexisting" 

The character is t ics  of 
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Paramet r i c  weights data f o r  the Velocity Packages were generated f rom 

an analysis of all available data on existing flight proven vehicles. 

telemetry,  destruct,  and ignition system weights were  assumed t o  be non-size 

dependent. Provisions were made fo r  either spin stabilized or  guided velocity 

package weights. 

made to refine the s t ructural  weights. 

generated fo r  shrouds which were  assumed t o  cover the Velocity Packages 

during ascent flight i n  the atmosphere. 

Guidance, 

Pre l iminary  layouts of s t ructural  adaptor dimensions were 

In addition parametr ic  weights were  

Figure 3-6  shows a sample format of the staging analysis results.  

Idealized Velocity Package motor s ize  requirements were  computed for 16 

Boosters a s  a function of spacecraft  weight. 

were matched with the motor  list and motor selected which most nearly matched 

the idealized s ize  requirements. Non-optimum (i. e . ,  l a rge r  and smaller)  

motors  were  a l so  selected to  use in  subs.equent performance analyses t o  verify 

the validity of the staging analysis. 

The idealized s ize  requirements 

As i l lustrated on Figure 3 - 7  the optimum range for  each Booster,  having 

re -  s t a r t  capability in the Upper Liquid Stage, was established by proportioning the 

burn time of the upper stage by varying amounts between the "up" and ''down'' legs 

of the powered flight. 

aerformance w a s  then computed f o r  86 candidate Research Launch Vehicles 

konsisting of the 16 Boosters with one, two, and three stage Velocity Packages. 

Per formance  was computed for  a re-entry angle of -15 degrees ,  angle of attack 

at 400 ,000  feet altitude of z e r o  degrees,  and Velocity Package burnout 10 seconds 

p r io r  t o  reaching 400,000 feet  altitude. Velocity Package paramet r ic  weights were 

based on a n  a s s u n e d  spin stabilized Velocity Package. 

Range was optimized for  maximum velocity. Re-entry 

Performance curves, 

reentry velocity versus  spacecraft  weight, were  plotted for  each family of boosters. 



Performance t rade  studies were a l so  made as  i l lustrated on Figure 3-8 .  

Comparison of projected performance of “1970T1 state-of-the-art  solid propellant 

motDrs revealed that overall Research Launch Vehicle Velocities can be increased 

h y  2000 t o  3000 feet p e r  second. This is due to  two factors:  (1) the higher specific 

impulse of the 1T1970T1 motors  and (2) being able t o  exactly match the idealized 

motor s ize  requirements with a new motor. 

a performance increase of 4000 t o  5000 feet per  second over a single stage for  

spacecraft weights of 400 pounds. Addition of a third stage to various Velocity 

Packages only increases  velocity between 1000 to  2000 feet p e r  second for the 

same spacecraft  weight. 

eliminated f rom the study since the small performance gain 

offset by the decreased reliability of the sys tem with the additional stage. In 

general  new optimized Velocity Packages showed bet ter  performance than the 

”existing1’ Velocity Packages evaluated fo r  various boosters which was expected. 

However, significant performance can be obtained by adapting existing Velocity 

Two stage Velocity Packages showed 

All three stage Velocity Packages were subsequently 

was felt  to be 

Packages t o  various boosters. 

Titan III C will reenter a 220 pound spacecraft a t  50 ,000  feet p e r  second. 

spacecraft  weight for  the s a m e  velocity can be increased to  375 pounds by using a 

new X 2 5 9 / F W - &  Velocity Package on the same Booster. The solid motor versus  

liquid motor  Velocity Package t rade study revealed that greater  performance can 

be obtained for this type of re-entry mission with solid motors.  

penalty is associated with the long burn t ime of a liquid motor  Velocity Package. 

A re-entry velocity penalty of 1000 to 2000 feet  pe r  second is experienced by the 

addition of a guidance and control system to the Velocity Packages considered. 

This performance decrease,  if not tolerable for  a particular experiment, could 

be offset by use of a more  advanced state-of-the-art motor  with a higher specific 

imp uls e. 

As a n  example, the F i r e  Velocity Package on 

However, 

A high performance 
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Review of the results of the performance analysis and t rade studies led 

to  the selection of 14 Research Launch Vehicles fo r  Task II. Six Boosters were 

eliminated f rom the study, a s  shown on Figure 3-9, based on performance com- 

parisons with other boosters. 

the performance analysis were  reduced to  the four shown on Figure 3-10. 

Elimination of Velocity Packages was pr imari ly  based on considerations of motor 

status and the objective of minimizing the number of Velocity Packages requiring 

development. Figure 3-10 i l lustrates the modular approach that can be used t o  

design a few basic Velocity Packages which can be adapted to  many boosters t o  

perform a wide range of re-entry missions. Using the nine Boosters,  Centaur 

Stage, and four Velocity Packages shown, fourteen Research Launch Vehicles 

can be composed t o  per form the entire spectrum of re-entry missions f rom 40000 

t o  60000 feet  p e r  second, except spacecraft weights grea te r  than 400 pounds a t  

60, 000 feet pe r  second. 

each of these fourteen Research Launch Vehicles as  a function of spacecraft 

weight. 

X - 2 5 9 / F W - 4 S  t o  the Saturn V/M56/TE-364-2. 

Launch Vehicles have competitive performance, such a s  the Saturn IB and Titan IIIC. 

- SUMMARY O F  STUDY CONCLUSIONS 

Thirteen candidate Velocity Packages evaluated in  

Figure 3-1  1 shows the re-entry velocity capability fo r  

They a r e  ranked according t o  performance f r o m  the Atlas (SLV-3A)/ 

Note that several  of the Research 

The major  conclusions f r o m  Task I a r e  sumrnarized on Figure 3-12. They 

a r e  as follows: 

0 The number of Velocity Packages required, in  conjunction with 

existing Boosters,  to accomplish re-entry research  missions f r o m  

40,000 to 60 ,000  feet  per  second are  few. 

Existing solid propellant motors  a r e  adequate for  these Velocity 

Packages even though performance gains can be realized f rom future 

mot o r  development. 

0 
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Performance objectives a r e  achievable using existing launch 

s i tes  and targeting areas .  

No  unconventional trajectory shaping techniques, such a s  re-entry 

f r o m  parking orbit ,  will be required to  alleviate range constraint 

problems. 

To  f i l l  the performance gap between Titan III C and Saturn V, the 

Centaur stage will have to be integrated with the Saturn IB o r  

Modified Titan III C. 

The desired spectrum of mission objectives can be achieved with 

existing Booster stages and new Velocity Packages developed f r o m  

existing solid propellant motors.  

4. 0 RECOMMENDATIONS AND PLANS FOR TASK II 

Recommendations and plans for T a s k  II are  summarized on Figure 4-1. 

Five of the Research Launch Vehicle configurations being considered for  Task  11 

involve integration of the Centaur stage with the Saturn S-IVB stage and the 

Titan III, Core Stage II. 

ment cos t  for  the Centaur integration i s  expected t o  be a major  difficulty in  perform- 

ing the t a sk  i t  is  recommended that NASA seriously consider the desirability and 

practicability of retaining the hybrid configurations, with Centaur, i n  the study. 

Since definition of the systems requirements and develop- 

It is  fur ther  recommended that NASA furnish LTV with more  specific 

definition of possible spacecraft  configurations during the ear ly  pa r t  of Task II. 

Estimated Spacecraft s izes  will be required in  order  t o  establish the Shroud s ize  

requirements. 

a r e  needed i n  order  t o  establish whether Velocity Packages can be spin stabilized 

o r  must  be guided. 

Spacecraft body shapes (i. e . ,  bodies of revolution o r  lifting bodies) 

LTV has now assembled the data necessary for  performance comparisons 

of a g rea t  number of Research Launch Vehicles. It is suggested that NASA may wish 
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to extend this study t o  compare performance of Research Launch Vehicles fo r  

missions other than high velocity re-entry. 

It is anticipated that NASA approval for  LTV t o  proceed with Task 11 

will be on or  about August 29th. 

to  the LTV engineering staff fo r  proceeding with Task II in  accordance with the 

contract statement of work. 

Booster cost  data needed for Task  II during Task I execution. 

Internal planning documentation has been issued 

LTV commenced laying the ground work f o r  acquiring 

Due t o  the difficulties 

encountered in acquiring cost data on National Launch Vehicles, LTV has requested 

assis tance f rom the NASA Contract Technical Representative. LTV gratefully 

acknowledges the assis tance being given. 

December of 1966. 

Task 11 completion is scheduled for  late 
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5.0 DETAILED REVIEW OF TASK I PARAMETRIC STUDIES 

This section contains a more  detailed description of the work 

completed under Task I of this study contract a s  was summarized in  Section 3.0. 

The narrat ive discussion on each of the Figures contained in  this section is  brief 

and intended only to  clarify the Figures presented during the oral  presentation 

to  NASA/ LRC. 

5.1 BOOSTER DEFINITION 

The injection velocity a t  100 n. mi. of the 16 listed Boosters were  

computed and verified with NASA certified data. 

a r e  presented i n  Figure 5-5. 

The results of this analysis 

F o r  the 100 n. mi. injection altitude shown, several  boosters can 

deliver over 500 lbs. to  40,000 ft .  /sec.  However, only the Saturn V/Centaur 

shows velocity capability beyond 50, 0 0 0  ft. /set. 

In order  t o  obtain injection and reentry velocities beyond 50,000 

ft. / s e c .  on Boosters smal le r  than the Saturn V/Centaur, additional stages 

(Velocity Packages) a r e  required. 

5. 2 

5.2.1 SOLID PROPELLANT MOTOR SURVEY 

COMPILATION OF VELOCITY PACKAGE PROPULSION DATA 

An industry survey was conducted to  obtain possible Velocity Packages 

candidate solid propellant motors. 

given motor  had to have specific impulse grea te r  than 250 sec. and motor  propellant 

In  order  to  be considered as a candidate a 

weight fraction grea te r  than 0. 80. 

As shown in  Figure 5-7, 46 motors  were compiled that meet  o r  exceed 

the s ta ted requirements. The majority of these motors  a r e  existing designs and 

the remainder  a r e  e i ther  in  development o r  proposed improvements to  existing 

designs.'. ~ 



The 46 motors  range in s ize  f rom 150 pounds to  over 45, 000 pounds. 

I 

Additional classified propulsion character ' ist ics a r e  available but have been 

deleted to  keep this an  unclassified presentation. 

5.2.2 SURVEY O F  EXISTING SOLID AND LIQUID STAGES 

The resul ts  of an  additional industry survey for existing solid and 

liquid stages for  use as possible Velocity Package candidates a r e  presented in  

Figure 5-8. 

Except for  the the 7 liquid propellant candidates a r e  all 

These range in  s ize  f r o m  5000 single stage designs with r e - s t a r t  capability. 

pounds to  approximately 50,000 pounds and contain a guidance and control 

system. 

The 4 solid propellant candidates a r e  a mixture of various design 

approaches. The Boeing Burner  II is a single-stage package that contains its 

own guidance, control and vern ier  velocity sys tems and is a non-spinning design. 

The LTV Sparta  and ARC Athena a r e  both two-stage spin-stabilized Velocity 

Packages that depend on the Booster f o r  attitude stabilization during boost and 
i 
! coast periods p r io r  t o  spin-up. The LTV F i r e  Velocity Package is a single stage 

spin-stabil ized design that has  a self contained pitch programmer  and coast  

attitude control sys t em that is dropped before V / P  ignition. 
I 

5.2.3 PROJECTED 1970 STATE-OF-THE-ART SOLID PROPELLANT MOTOR i 

i 
I 

CHARACTERISTICS 

The projected 1970 state-of-the-art  solid propellant motor character is t ics  ; 

a r e  shown in Figure 5-9. 

motors  f r o m  500 t o  15,000 lbs. can be easily defined. 

These data a r e  presented i n  paramet r ic  f o r m  s o  that 

If a requirement,  the user  must decide on the proper burning t ime 

i n  o r d e r  t o  meet  accelerat ion limits. 



I 
I 
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I 
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I 
I 
I 

The specific impulse obtainable fo r  a 1970 motor operating in  vacuum 

condition is projected between 290 sec. t o  300 sec.  

As an  example, for  8500 lbs. propellant, 40 sec. burning t ime,  and 

295 sec. specific impulse a typical 1970 motor  would have the following charac- 

ter is t ics :  

5.3 

5 . 3 . 1  

t Iner t  Weight = 700 Lbs. 
Propellant Weight = 8500 Lbs. 
Loaded Weight = 9200 Lbs. 

Burning Time = 40 Sec. 

Vacuum Thrust  = 62,500 Lbs. 
t Vacuum Total Impulse = 2, 500, 000. Lb-Sec. 
t 

t Items Read f r o m  Figure 5-9 

PARAMETRIC WEIGHT DATA AS A FUNCTION OF VELOCITY 

PACKAGE SIZE 

V / P  STAGE INERT WEIGHTS AS A FUNCTION O F  MOTOR SIZE 

Pa rame t r i c  weight data for b Dth guided and spin-stabilized Velocity 

Packages were  generated f r o m  analysis of available data on existing, flight proven 

vehicles. 

and the resu l t s  a r e  presented in Figure 5-11. 

exclusive of motor iner t  weights are shown as a function of loaded motor  weight. 

These  data were  normalized t o  the same se t  of design ground rules 

The subsystems iner t  weights 

The ground rules utilized to obtain a se t  of normalized data a r e  a s  

follows : 

- Size dependent parameters  were  separated f r o m  non-size dependent 

paramete  1s. 

- Unique design features  of some vehicles that a r e  not compatible 

with this study (e, g., Aerodynamic Fins) were  isolated o r  modified. 

- The spin- stabilized designs include s t ructure ,  wiring and balance 

weights as s ize  dependent parameters ;  the guided designs add a H202 control 

s y s t e m  as a function of size. 



5.3.2 NON-SIZE DEPENDENT SUB SYSTEM WEIGHTS 

A typical se t  of non-size deper'dent systems weights are presented 

in  Figure 5-12. 

The proper  location of these subsystems is dependent upon the Velocity 

Package design concept utilized. 

located in  the f i n a l  stage t o  guide the complete vehicle while the spin sys tem can be 

dropped at Velocity Package ignition and would therefore be charged to  Booster 

iner t  weight. 

5.3.3 REPRESENTATIVE V I P  WEIGHT SUMMARY 

As a n  e-cample the guidance package is generally 

Figures  5-13 and 5-14 summarizes  the weights utilized fo r  the candidate 

one and two stage Velocity Packages respectively. 

The step iner t  weights were obtained f rom Figures  5-11 and 5-12 af ter  

selecting the V / P  motor. 

propellant motor survey data. 

The V / P  motor weights were obtained f r o m  the solid 

5.3.4 AERODYNAMIC SHROUD WEIGHTS AS A FUNCTION OF AREA 

Figure 5-15 presents  weight data as a function of Shroud area for  

two types of construction, clamshell and single piece. 

Generally, existing Shroud weights range between 2 t o  2. 5 pounds 

per square  foot. 

5.4 EVALUATION OF VELOCITY PACKAGE GUIDANCE AND CONTROL 

CONCEPTS 
5.4.1 DETERMINE THE FEASIBIUTY OF UTILIZING BOOSTER GUIDANCE 

SYSTEMS FOR REENTRY MISSIONS AND V / P  POSITIONING. 

A brief description of the Booster guidance sys tems a r e  summarized 

in  F igu re  5-17. 

Booster  guidance sys tems t o  per form reentry missions up t o  V / P  ignition. 

adding a coast control and guidance systems t o  the Velocity Package (i. e., Atlas/  

Fire Concept) the  Atlas and Titan II Boosters can a l s o  per form reentry missions. 

Except f o r  the Atlas and Titan II, it is feasible t o  utilize the other 

B y  



I 
I 
I F o r  Boosters with re -s ta r t  cz.pability, a uniquely simple Velocity 

Package design is possible. 

a t imer  to  provide spin-up and ignition discretes.  

a n  upward powered phase followed by a ballistic coast phase. 

the Booster would be re -s ta r ted  to  furnish a portion of the downward reent ry  

powered phase and to  position the Velocity Package for  spin-up and ignition to  

obtain the desired reentry conditions. 

5.4.2 

This V / P  design would utilize spin-stabilization and 

The Booster would provide 

At the proper t ime 

SUMMARY O F  VARIOUS V / P  GUIDANCE AND CONTROL CONCEPTS 

The trade-off between weight, volume, power consumption and drift 

(approx. accuracy) of four Velocity Package guidance systems a r e  presented in  

Figure 5-18. 

These four  feasible concepts for  Velocity Package guidance show the 

varying degrees  of complexity and accuracy which can be obtained. 

of the par t icular  guidance concepts to  be evaluated during Task J-I requires  more  

prec ise  definition of the spacecraft  mission requirements.  

5.5 

5.5.1 

Selection 

VELOCITY PACKAGE STAGING ANALYSIS 

D E T E W N E  PROPUISION SYSTEM REQUIREMENTS BASED ON 

IDEALIZED STAGING ANALYSIS 

- 

Using 46 candidate motors  and 15 Boosters ,  over 16,000 one and two- 
I 

s tage Velocity Package plus Boosters (RLV) configurations are possible. 

performing a staging analysis one is assured that the best  performance capabilities 

a r e  contained within 75 configurations - a two order  of magnitude reduction in the 

performance analysis task. 

By 

Figure 5-20 presents  a ty-pical Velocity Package sizing procedure at 

a fixed total  velocity. 

is plotted a s  a function of Booster velocity "availableii and V / P  velocity "required' '  

In the upper portion of the figure Velocity Package gross  weight 
l 



I 
I 
I 
I 
1 

when the sum of the "available" and l'required'' velocities is the specified RLV 

"total velocity". 

the "available" velocity f r o m  the Booster decreases  and the "required" velocity 

f r o m  the V / P  increases .  

As the gross  weight of the V / P  (Booster Payload) is  increased,  

The bottom poriion of Figure 5-20 shows the variation 

of spacecraft  weight a s  a function of V / P  velocity "required1'. 

to re la te  V / P  velocity "required" to  V / P  g ross  weight and spacecraft  weight 

Thus,  it is possible 

because for  a fixed gross  weight and velocity "required" the amount of propellant 

and motor s ize  is defined for  the specified values of specific impulse and pro-  

pellant weight fraction,(pwf). 

is small and consequently the spacecraft  weight is a l so  small. 

F o r  small  required velocities the V / P  gross  weight 

The spacecraft  

weight continues t o  increase  as the velocity required and V / P  gross  weight increases  

until a peak value of spacecraft  weight is  reached. Beyond this peak the velocity 

required and V / P  gross  weight continues to  increase  but the spacecraft  weight 

shows a sha rp  drop. This occurs because the velocity "requiredT' is s o  la rge  

that the complete V / P  is approaching a propulsion unit where no weight is available 

for  payload or  spacecraft. 

The ' lopt imun' '  point i l lustrated in Figure 5-20 can be computed for  

severa l  RLV total velocities for  a given Booster to  define a complete "family" of 

optimum Velocity Packages. 

in  F igure  5-21. 

A typical optimum one-stage, V / P  family is shown 

These optimum V / P  families were  determined for  all the specified 

Boosters  and utilized to  define the Velocity Package propulsion sys t em requirements.  

AS an  example, f r o m  Figure  5-21,at a spacecraft  weight of 200 pounds, the optimum 
I 

motor  consumed (propellant) weight is  1750 pounds and Velocity Package gross  

weight is 2100 pounds. 

Utilizing the V / P  sizing data previously discussed, the Velocity Package 

propulsion sys tem requirements were determined for  a 200 pound spacecraft. 
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These data a r e  presented i n  Figure 5-22 for  both one-stage and two-stage 

Velocity Packages and 15 specified Boosters o r  a total of 45 propulsion systems. 

A detailed examination of this figure shows that many motors of approximately 

the same s ize  o r  propellant weight requirement occur more  than once which 

indicated that the propellant weights could be categorized into various limits 

t o  reduce the number of propulsion systems. 

5.5.2 REALISTIC V / P ' S  BASED ON IDEALIZED RESULTS 

The consumed weight of the 45 optimum s ize  motors a r e  l i s t ed  

i n  order  of increasing weight i n  Figure 5-23. 

divided into 12 specific weight categories as shown. 

The consumed weights were then 

The consumed weight 

variation, within each category was limited to  approximately 10% variation f rom 

nominal fo r  the small s ize  motors t o  approximately 2070 variation for  the la rge  

s ize  motors. As i l lustrated i n  the previously discussed solid propellant motor 

survey, t he re  a r e  more  smal l  and medium s ize  motors  than there  a r e  large 

motors.  F o r  this reason a lower percentage variation about the small and 

medium s ize  motors was chosen in order t o  include m o r e  of these designs for  

evaluation. Finally, these propellant weight variations i n  conjunction with the 

motor survey data were utilized to  select the best motors  in terms of availability, 

development status,  specific impulse, and propellant weight fraction within each 

weight cat  eg ory. 

The candidate motors f rom Figure 5-23 were matched as nearly as 

possible with the propellant requirements of Figure 5-22 to  obtain a family of near  

optimum Research Launch Vehicles. The resul ts  of this matching p r o c e h r e  a r e  

presented in Figure 5-24. 

5 . 5 . 3  VALIDATION O F  ASSUMPTIONS FOR THE STAGING ANALYSIS 

The staging analysis methods and assumptions have been described 

However, each assumption has been evaluated to determine its effect i n  detail. 

on the overal l  solution. Specifically, the values used for  specific impulse, stage 

i 

I 

I 
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e 
propellant weight fraction, and the design spacecraft  weight. 

The effects of specific impulse (Is$ and stage propellant weight fraction 

(pwf) on Velocity Package motor s ize  requirements a r e  shown in  Figure 5-25 

for a two stage V / P .  

weight changes 300 lbs. F o r  

approximately 20% change i n  stage iner t  weights ( f rom 0. 90 t o  0.88) the stage-one 

propellant weight changes 600 lbs. and the stage-two propellant weight changes 40 

lbs. 

F o r  10 seconds change in  Isp the stage-one V / P  propellant 

and the stage-two propellant weight changes 20 lbs. 

In  a more  exacting analysis of the classical  vehicle optimization equations 

these deviations in  propellant weights would not result  in  a completely rigorous 

solution. However, these deviations in  the assumed values of I and pwf can be 

tolerated because the same two motors  (X-259/FW-4) would be selected. 

SP 

The effects of design, spacecraft weight on Velocity Package motor 

s ize  is shown i n  Figure 5-26 fo r  a single-stage Velocity Package on the SLV-3CI 

Centaur Booster.  

pound design spacecraft  weight. 

optimum for  spacecraft  weights between 150 and 400 pounds. 

weights g rea t e r  than 400 pounds the la rger  X-259 motor would have been selected 

and for spacecraft  weights less  than 150 pounds the smal le r  TE-364-2 motor would 

have been selected. Similar t rends a r e  exhibited f o r  two-stage Velocity Packages. 

Generally speaking, three Velocity Package s izes  would cover the spacecraft range 

F o r  this example, the TE-364-4 motor was selected fo r  the 200 

The figure shows that this motor would be near -  

F o r  spacecraft 

f r o m  50 t o  1000 pounds. Therefore,  in o rde r  t o  determine the effects of space- 

craft  weight fo r  a given booster, more  than one V / P  was selected fo r  the detailed 

performance analyses. 

5.5.4 

ar-optimum Research Launch Vehicles defined 

previously i n  Fig 

These RLV's can 

esented i n  Figure 5-27 i n  a different format. 

th the le t ter  "O1! i n  Figure 5-27. The le t ter  

/P  - Booster combination was analyzed in  



detail for  performance capability. 

discussed in a subsequent section. 

Packages was chosen t o  be analyzed with each Booster fo r  a total  of 75 configurations. 

This was done to  provide a fur ther  check of the assumed design spacecraft weight, 

specific impulse, and stage propellant weight fractions. 

that two near-optimum V/P ' s  were eliminated because these two V / P t s  only occurred 

once a s  near-optimum configurations. 

5. 6 

The performance analysis technique will be 

It should be noted that a n  average of 5 Velocity 

Figure 5-27 a l so  shows 

PERFORMANCE ANALYSIS AND TRADE STUDIES 

The feasibility and practicability of various t ra jectory .flight profiles 

were first examined and a pr imary  flight mode was selected, The range control 

capability of each Booster was evaluated t o  determine the effects of range on 

velocity. The performance capability of the 72 candidate configurations was 

computed and performance t rade studies of 1970 motors ,  number of V / P  stages,  

existing solid and liquid stages,  and "guidedtt V / P  were conducted. 

5. 6. 1 BALLISTIC RE-ENTRY TRAJECTORIES VERSUS UNCONVENTIONAL 

FLIGHT PROFILES 

The conventional ballistic trajectory flight profile and two unconventional 

This analysis was conducted to  investigate flight profiles a r e  shown in  Figure 5-29. 

possible performance increases  and to  alleviate any range constraint problems. 

t ra jec tory  shaping techniques are as follows: 

The 

- Ballistic Reentry (Method 1) - Conventional t ra jectory shaping which 

consist of a powered ascent boost phase followed by a ballistic coast phase and a 

f e - s t a r t  descent powered phase. 

- Parking Orbit  (Method 2) - A powered boost into a low circular orbit 

is followed by a coast phase and injection into an  elliptical parking orbit. 

per igee of the elliptical parking orbit the Booster and Velocity Package a r e  re -s ta r ted  

fo r  a th i rd  burn. 

obtain the desired reentry conditions: namely, range, reentry path angle, and 

burnout altitude. 

Near 

1 I 

The r e - s t a r t  point and pitch attitude angle a r e  programmed to  



t - Parking Orbit (Method 3) - The flight profile of this t ra jectory shaping 

method is the same  as Method 2 f rom l a w c h  to elliptical parking orbit. 

apogee of the elliptical parking orbit a third Booster burn t o  propellant depletioc 

is  accomplished in  order  t o  turn  the parking orbit t ra jectory t o  a new ellipse 

that provides the desired reentry angle. 

t i is  new ellipse af ter  a coast phase t o  achieve the desired velocity vector and 

burnout altitude. 

Near 

The Velocity Package nv is added along 

A comparison of the three trajectory shaping methods is presented 

in Figure 5-30. The following conclusions can be made f rom the available data: 

- The desired reentry range of 2000 t o  5000 n. mi. can be obtained 

with any of the three  t ra jectory shaping methods. 

- The ballistic reentry trajectory offers the highest reentry velocity 

and the lowest impact dispersion of the three t ra jectory profiles. 

- Because of its conventional flight profile and short  flight t ime,  the 

ballistic reentry t ra jectory will have the best  probability of mission success in  

t e r m s  of in-flight and terminal  tracking and reentry data acquisition. 

- F o r  smal le r  reentry angles the parking orbit t ra jectory shaping 

methods will probably show a more  favorable reentry velocity over the ballistic 

reentry t ra jectory because the velocity vector turning losses  will be reduced. 

- Because of the stated advantages, the ballistic flight profile was 

utilized t o  determine the performance capabilities of a l l  Research Launch Vehicle 

configurations. 

5 .6 .2  THE EFFECTS O F  TRAJECTORY RANGE CONTROL 

The effect of range on reentry velocity for a representative RLV and 

fixed spacecraf t  weight is  shown in Figure 5-31 utilizing the selected ballistic 

reent ry  flight mode. 

r een t ry  velocity occurs at approximately 3000 n. mi. f r o m  launch and requires  

F o r  this RLV (SLV-3C/Centaur/X-259/FW-4) the maximum 
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two-burn Centaur sequence. 67. 570 of the Centaur propellants a r e  expended in the 

Ascent powcred phase and 32. 570 of the propellants a r e  used for  the second Centaur 

burn i n  the descent powered phase. 

t o  6000 n. miles  causes only a 500 ft. /se:. velocity penalty. 

Devi:-tions f r o m  optimum range between 2000 

Figure 5-32 is a summary  of the optimum range analysis performed. 

These ranges vary  f r o m  1800 nautical miles for the THOR t o  6800 nautical miles 

for  the Titan II. 

5. 6. 3 PERFORMANCE COMPUTATION O F  CANDIDATE CONFIGURATIONS 

In view of the l a rge  number of configurations (72) that required 

performance analyses, a t ra jectory computation technique that employed both 

ideal  velocity methods and integrated trajectory simulations was  utilized t o  generate 

the desired results and t o  reduce the engineering effort. This technique simplified 

the t ra jectory analysis task  without sacrificing the accuracy. Basically, forward 

and r eve r se  integrated t ra jector ies  were matched at apogee t o  obtain a realistic 

simulation f o r  a specific spacecraft weight and reentry condition. The ideal 

velocity equation was then employed to  determine the shape of the spacecraft 

weight versus  reent ry  velocity curve and passed through the match point. The 

matching of the integrated t ra jector ies  a r e  i l lustrated in  Figure 5-33. 

The accuracy of the performance analysis technique was checked by 

computing two additional matched points at the extreme limits of the specified 

spacecraf t  weights. 

the velocity e r r o r  is  l e s s  than 150 ft .  /sec.  

These data are presented in  Figure 5-34. As can be seen 

The performance capabilities of the 72 candidate configurations a r e  

presented in  Figures  5-36 through 5-43 based on the constraints shown in  Figure 

5-35. 

are shown: 

F o r  a 300 pound spacecraft  the following range of reentry velocities 



THOR/one Stage V / P  

ATLAS/one stage V / P  

TITAN/one stage V / P  

SATURN/one stage V I P  

THOR/two stage V / P  

ATLAS/two stage V / P  

TITAN/two-stage V / P  

SATUR.N / tw 0- stage V /P 

33,400 t o  38, 300 f t /sec.  

37,900 t o  45,400 f t /  sec. 

35,600 t o  51,400 f t /sec.  

42, 800 t o  55,800 ft /sec.  

35, 700 to  40, 500 f t /sec.  

41, 800 to  47, 500 f t /sec.  

40,000 t o  53,900 f t fsec.  

45,600 to  61,800 f t /sec.  

5. 6.4 PERFORMANCE TRADE STUDIES 

Performance studies were  conducted to  examine the trade-off between 

existing and projected 1970 state-of-the-art motors ,  the number of Velocity Package 

s tages ,  the near-optimum V / P 1 s  and existing solid and liquid stages and spin- 

stabilized and guided Velocity Packages. 

Propellant character is t ics  for projected 1'1970-state-of-the-art" motors  

were  used to  compare performance capabilities with existing motors.  Comparative 

performance curves for  th ree  boosters with one-stage Velocity Packages are  shown 

on Figure 5-44. 

3000 fee t  per second were  obtained using projected 1970 propellant improvements 

for  typical existing motors  such as the X-259 and Polar i s  A3, Stage II (260 A3). 

Performance trade-off as a function of number of Velocity Package 

F o r  a spacecraft  weight of 300 pounds, velocity increases  up t o  

Stages is shown for  t h ree  Boosters i n  Figure 5-45. Two-stage Velocity Packages 

show performance increases  of 4000 t o  6000 feet  pe r  second over one-stage V/P ' s  

for  a 300 pound spacecraft. 

only inc reases  velocity between 1000 to 2000 feet p e r  second for  the same space- 

craft  weight. 

I 

Addition of a third stage t o  the various Velocity Packages 

. \  

Performance comparison of existing solid propellant stages to near-  

As shown in  Figure optimum V/Pls  were  conducted with the Titan UIC Booster. 

5-46, equal or better performance can be obtained with the near-optimum designs 



for  equal number of V / P  stages. 
I 
I 

i Performance comparison of existing liquid stages t o  near-optimum 

As shown in V / P ’ s  were  conducted using the Saturn IB and Saturn V Boosters. 

Figure 5-47 equal 

design. 

o r  bet ter  performance. can be obtained with the near-optimum 

The performance penalty for  .;king a guided Velocity Package was 

compared t o  the spin-stabilized design on the Titan IIIC/X-259 Research Launch 

Vehicle. 

More detailed consideration will be given t o  guidance and control sys tem weight 

Figure 5-48 shows a loss  of 2000 f t /sec.  for a 300 pound spacecraft. 

reduction during Task  LI in order  t o  reduce the performance losses.  

weight data presented in  Section 5.3 can be applied to any Velocity Package of 

The parametr ic  

interest  t o  evaluate the velocity o r  weight degradation due t o  addition of a guidance 

and control system. 

5.7.0 CANDIDATE RESEARCH LAUNCH VEHICLE SELECTION 

After computing the performance capabilities of each Research Launch 

Vehicle configuration and conducting various t rade studies, an  initial screening 

was performed to select  the best  one and two stage Velocity Packages for  each 

booster. Fur ther  eliminations were made based on technical feasibility, pract i -  

cability, and performance capability t o  reduce the recommended configurations 

to  14. 

5.7.1 BEST ONE AND TWO STAGE VELOCITY P-4CKAGES 

Figures  5-50 and 5-51 preserits the performance capabilities of the 

best  one and two stage Velocity Package configurations respectively. 

configurations were  derived f r o m  the configurations shown i n  Figures  5 - 3 6  through 

These 34 

5-43. For a given booster the selection c r i te r ia  was simply the best  performance 

capability. 

configurations were  selected for  further evaluation. 

In Some cases  where the performance was nearly equal both V / P  
! 

That is why there  a r e  more  

I 
I 



I 
I 
I than 30 configurations shown in  Figures  5-50 and 5-51. 

5. 7 . 2  SELECTION AND ELIMINATION PROCEDURES 

The selection and elimination procedures were divided into eight 

steps: 

Step 1 ,  Figure 5-52, - All three-stage Velocity Packages were  

eliminated because the inherent complexity of three-stages does not offer suffi- 

cient performance improvement over a two-stage Velocity Package. 

Step 2, Figure 5-53, - All liquid Velocity Packages used as a final 

stage of a Research Launch Vehicle were zliminated since equal or bet ter  

performance can be obtained with a one-stage Velocity Package. 

Step 3, Figure 5-54, - The THOR family of Research Launch Vehicles 

was eliminated since the existing Atlas / F i r e  has better performance capability, 

Step 4, Figure 5-55 - The Titan II Booster was eliminated because 

the existing At l a s lF i r e  shows better performance than the Titan II/X-259 and a 

SLV-3A/X-259/FW-4 shows bet ter  performance than a Titan II/X-259/FW-4. 

Step 5,  Figure 5-56, - All one-stage Velocity Packages that do not 

have significant payload capability a t  50,000 f t .  /sec.  were eliminated. 

Step 6 ,  Figure 5-57, - The Titan LIIA (with Transtage) configurations 

were  eliminated because bet ter  performance can be obtained by adding an additional 

V / P  s tage to  the existing At las /F i re  (SLV-3A/X-259/FW -4). 

smal le r  Titan/Agena (Titan IIIB) configuration shows grea te r  performance capa- 

bility. 

Additionally, the 

Step 7, Figure 5-58, - On the Saturn IB/Centaur and Titan IIIC/Centaur 

the near-optimum single-stage V / P  requires the TE-364-4, Stretched Surveyor 

v o t o r .  

by the existing X-259 with little loss  in  performance. 

Because the TE-364-4 is an unfunded motor program, it was replaced 



Step 8, Figure 5-59, On the Titan LIIC Booster the XM-80/23KS11000 

V / P  was replaced by the X-259/FW-4 V / P  because the XM-80 is out of production 

and not spin qualified. Again, the per forbance  loss  is small. 

RE COMMEND GONFIGURATIONS - 5. 7.3 

Based on the stated reasons used to  eliminate the various configurations, 

14 Research Launch Vehicles survived the screening process.  

capabilities of these configurations a r e  shown in Figure 5-60. 

The performance 

These a r e  the 

recommended Research Launch Vehicles to  be analyzed in  Task 11. 

these 14 RLV's can per form reentry missions f rom 4 0 , 0 0 0  ft /sec.  t o  55,000 

f t /sec.  with spacecraft  weights of 50 lbs. t o  1000 lbs. 60,000 ft /sec.  reentry 

missions a re  possible for  spacecraft  weights f r o m  50 lbs t o  4UU ibs .  

5. 8.0 CONCLUSIONS 

5. 8.1 

Significantly, 

THE NUMBER OF VELOCITY PACKAGES REQUIRED IS SMALL AND 

DO NOT EXCEED TWO-STAGES. 

A family of Velocity Packages which can be used with existing space 

Boosters t o  satisfy reentry research  missions f r o m  40,000 to  60 ,000  fps has been 

defined. This family consists of only four Velocity Packages - (2) single-stage 

and (2) two-stage configurations - that a r e  utilized with various Boosters t o  make up 

I 
the 14 selected Research Launch Vehicles. 

i 
5 . 8 . 2  EXISTING SOLID PROPELLANT MOTORS ARE ADEQUATE FOR V / P  

PROPULSION 

The selected Velocity Package family is composed of 5 existing flight 

proven motors  - the F W - 4 ,  the TE-364-2, the X-259, the 260 A3, and the M-56. 

Additional performance gains can be realized f rom motor  improvement or  future 

development programs. 
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5 . 8 . 3  COMPLEX GUIDANCE O F  THE VELOCITY PACKAGE IS NOT REQUIRED 

F o r  the eight selected boosters with re-start capability, the Velocity 

Package can utilize t o  the maximum extent feasible the booster guidance and control 

system. The SLV-3A Booster can utilize the coast control guidance and control 

system developed for  the "Fi re"  program. 

5. 8.4 CONVENTIONAL BALLISTIC TRAJECTORY FLIGHT MODES ARE 

SUPERIOR TO UNCONVENTIONAL PARKING ORBIT FLIGHT MODES 

The conventional ballistic trajectory flight mode is superior in  t e r m s  

of accuracy, performance, and tracking requirements. Additionally the ballistic 

t ra jectory does not impose any range conitraints. 

5. 8. 5 EXISTING RANGE ~ __ - COMPLEXES CAN BE USED 

F o r  the Boosters with re -s ta r t  capability (8 out of 9 selected), 

conventional ballistic t ra jector ies  can be employed t o  utilize existing targeting 

a r e a s  with l e s s  than 1000 fps  velocity loss. 
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